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第二章以 BODIPY 母体 3, 5-位衍生物 D4 为模型分子首次研究了 BODIPY 类
荧光染料的光照产物结构和光物理性质。研究发现可通过简单的光照处理而不需




第三章初步探索了臭氧氧化 BODIPY 类化合物制备醛基取代 BODIPY 的可行












































Photobleaching of organic fluorophores is often been observed caused by a 
photochemical reaction upon the presence of oxygen, which is usually seen as the 
termination process of fluorescence emission. In a more general description one could 
define the observed process also as photoconversion of the original dye into another 
fluorophore (photoproduct). This new photoproduct likely has more efficient at another 
excitation wavelength. 
Boradiazaindacenes (difluoro-boradipyrromethenes, boron-dipyrromethene, 
BODIPYs or BDPs) as fluorescent dyes have attracted considerable attention because 
they present many advantageous properties, such as high molar extinction coefficients (ε), 
high fluorescence quantum yields (Φf), and narrow spectra in absorption and emission at 
visible light. But photoproduct of BODIPY has not been reported. 
At the same time, this dissertation also attempts to develop a spin-labeled 
fluorescent probe based on fluorescent gold nanoparticles in order to get the spin-
fluorescence tracer probe. 
This dissertation consists of four chapters. 
Chapter 1 is the general background on the research work. Based on the 
introduction of several photochemical reactions, mainly focuses on the photo-oxidation 
of olefins. Then there is a brief introduction of how to synthesis BODIPY and its 
derivative. Finally, reviewed the mainstream synthetic methods of fluorescent gold 
nanoparticles. 
Chapter 2 focus on the photoproduct of BODIPY. Dye D4 as a model to study the 
molecular structure and photophysical properties of photoproduct D4L of BODIPY. The 
study found D4L containing one formyl group, in other words, formyl substituted 
BODIPY can be synthesized through photo-irradiation. D4L’s fluorescence emission 
peak blue-shifted compared to the Dye D4, and has higher fluorescence quantum yields.  
Chapter 3 is only a preliminary exploration of the preparation of formyl substituted 
BODIPY through ozone oxidation. The study found that formyl substituted BODIPY 
D4O can be successfully synthesized in this way, and dye D4O has the same structure 

















Chapter 4 focus on dual-mode probe. Base on gold nanoparticles (synthesized 
through microwave assisted method) and nitroide TEMPO respectively provided 
fluorescence signal and spin ESR signal, silica composite nanoparticles——spin-
fluorescence molecule probe successfully been synthesized. Although the probe has 
fluorescent and spin ESR signal, but its ESR signals can be reduced when exposed to the 
environment with reducing molecular. When the probe dissolved in a solution of 10 
mmol·L-1 Vc, ESR signal attenuation within 20 min to about 70% of the original. 
 
 























Z/E 异构化反应：烯烃在直接或在敏化剂存在下光照，可以发生 Z/E 异构化反




图 1-1 环辛烯的顺反异构变化 
Fig. 1-1 Z/E change of cyclooctene heterogeneous. 
 
光诱导 δ-迁移重排反应：根据 Woodward-Hoffmann 规则，分子发生重排时，
起决定作用的分子轨道是共轭烯烃的 HOMO 轨道。为了使共轭多烯烃两端的碳原
子的 p 轨道旋转而关环生成 δ 键，这需要经过一个能量最低的过渡态以使这两个 p
轨道发生相同的重叠[2]。如图 1-2 所示是即为共轭体系的 δ-迁移重排反应： 
 
 
图 1-2 三共轭体系的 δ-迁移重排[2] 




















反应可以控制产物的立体构型，所以在有机合成中得到广泛应用[3]，如图 1-3 所示： 
 
 
图 1-3 经典双-（π-甲烷）重排反应[3] 









Angelo Albini 和 Maurizio Fagnoni 发现，即香芹酮在光照下转变成香芹樟脑[4]，如
图 1-4 所示： 
 
 
图 1-4 香芹酮的光照转变反应[4] 
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